82                   HYDROMETALLURGY OF COPPER
While the determination of the absolute temperatures in roasting is not essential, nevertheless it is highly desirable. One of the gratifying features of the Le Chatelier type of pyrometer is, that absolute temperatures may be determined with greater facility and accuracy than the relative temperatures may be determined by other means, and absolute temperatures are always reliable for comparison.
The elements of a Le Chatelier pyrometer consist:
1.  Of a thermo-electric couple, which generates, when heated,  a slight electric current, which is proportional to the heat applied.
2.  A galvanometer so arranged that the deflection of the needle, due to the current, indicates the temperature on the scale of the galvanometer.
3.  Flexible wires connecting the thermo-electric  couple with the galvanometer.
In using the pyrometer, the thermo-electric couple may be inserted directly into the furnace at the points where the temperature is desired, and the reading taken. Such a proceeding is awkward and troublesome. When only one galvanometer is used, the most satisfactory arrangement is to permanently insert the thermo-electric couples at the various points of the furnace, as desired, and by small switches and the wires connecting the couples with the galvanometer, the temperatures of the furnace att the different points may be quickly determined. In the same way, the temperatures of different furnaces may be readily ascertained. The galvanometer'should be located at a convenient point, away from the dust and fumes of the furnace room. The thermo-electric couples may be inserted into the furnace through the arch, but care must bo taken not to project them down far enough to be injured by the rabbles, although it is desirable to get them as close to the ore as possible. The thermocouple, where it is intended to remain permanently in the furnace, should be protected by porcelain tubes.
If a continuous record of the temperature at any one point is desired, it is best to use a recording pyrometer. This consists essentially of:
1.  A recorder, which is composed of a galvanometer and a clock arrangement, so that a pencil indicates the temperature and time on a moving chart.
2.  The thermo-electric couple, the fire end of which IB inserted into the space, where the temperature is to be measured.
3.  Flexible  wires  connecting the recorder with the thermo-couple. With this apparatus, a continuous, automatic, and permanent record
of temperature and time may be made, which will give an accurate idea of the firing of the roasterman during the entire shift. A comparison of charts, will quickly establish the best temperature at which it is desirable to roast any ore, and locate the responsibility of any defects in the ore due to the temperature in roasting.